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Congenitally small kidneys with reflux as a common cause of
nephropathy in boys
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Congenitally small kidneys with reflux as a common cause of nephrop-
athy in boys. Congenital maldevelopment is sometimes found in small
kidneys with ureteral reflux. However, the incidence of congenitally small
kidneys and the frequency of its association with ureteral reflux remains
unknown. Ultrasound scanning, performed in 4,000 apparently healthy
neonates or young infants (males 2,129, females 1,871), detected 51
children suspected of having small kidneys. A careful ultrasound re-
examination performed one month later in 45 of the 51 children confirmed
small kidneys in eight children, one bilateral and seven unilateral.
Dimercaptosuccinate (DMSA) renoscintigraphy revealed small kidneys
with generally diminished uptake in six infants and no uptake unilaterally
in the other two infants. One of the 12 children, who had normal findings
on the initial scanning and subsequently developed urinary infection, was
later diagnosed having unilateral small kidney with generally reduced
DMSA uptake. All seven infants having small kidneys with reduced tracer
uptake were male (incidence, 1:300 boys). All eight small kidneys in the
seven boys and four of the six contralateral non-small kidneys were
associated with ureteral reflux, while neither of the two infants with a
non-functioning kidney had ureteral reflux. Serial ultrasounds docu-
mented the poor growth of all small kidneys. Thus, congenitally small
kidneys with generally diminished DMSA uptake were highly associated
with ureteral reflux and especially observed in boys.
Renal parenchymal damage in association with ureteral reflux
has been identified as one of the major causes of renal failure
since it was first described by Bailey [1] and Hodson et al [21.
Small kidneys are usually found in patients with renal failure due
to reflux-associated nephropathy [31. The diminished size of the
kidneys is thought to be acquired renal shrinkage resulting from
ureteral refiux with or without pyeloncphritis [2, 4]. Recent
clinical studies revealed that renal damage associated with ure-
teral refiux was present at birth [5, 6]. Recent histological studies
have clearly identified a group of congenital renal diseases
consisting of congenital renal hypoplasia with fewer than normal
glomerular generations [7] and renal dysplasia with primitive
ducts [81 in most of the nephrectomy specimens from patients with
ureteral refiux. These findings suggest that congenital renal
maldevelopment as well as acquired renal scarring should be
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considered the major factors contributing to the development of
renal damage in association with ureteral reflux. However, little
information is available regarding the incidence of the congeni-
tally maldeveloped kidneys and the frequency of its association
with ureteral refiux.
A small kidney is defined by some authors [9, 10] as that being
at least 2.0 cm less than the contralateral kidney on radiological
examination. Although the incidence of small kidneys was re-
ported to be as high as 1:500 [10], more recent studies on neonatal
ultrasound screening of the urinary tract reported a much lower
incidence of congenitally small kidneys [11, 12]. The uncommon
frequency of congenitally small kidneys in infants has been
considered to suggest that small kidneys in older persons are
acquired more often than congenital [13]. The present study was
designed to identify children with congenitally small kidneys early
in life, before the development of urinary infection. The present
study, using ultrasonography for detection of congenitally small
kidneys, carefully screened healthy newborn babies or young
infants without a history of urinary infection. The study investi-
gated (i) the incidence of congenitally small kidneys, (ii) the
frequency of ureteral refiux complicating congenitally small kid-
neys, and (iii) any difference in the growth rate between the
congenitally small kidneys and contralateral normal kidneys when
urinary infection was prevented.
METHODS
Subjects
The population sample consisted of 4,000 (2,129 male and 1,871
female) apparently healthy babies, including 3,093 newborn ba-
bies (1,658 male and 1,436 female) born at Kasuga Ladies' Clinic
and Fukui Aiiku Hospital. Babies who were receiving specific care
for unusual problems were not scanned. The birth weights of the
newborns ranged from 1,714 g to 5,034 g (median 3,158 g), and the
age from 0 to 50 days (median 3 days). The sample also contained
907 infants aged four months or less without a history of urinary
infection who visited Fukui Medical School Hospital for routine
health examinations and from whose parents informed consent
for the study was obtained. The study extended from August 1991
to September 1996.
Ultrasound screening was performed with a real-time ultra-
sound scanner and a 5 MHz convex transducer. Scanning of the
kidneys was performed as a part of ultrasound screening of the
urinary tract [14]. The kidneys were scanned from the back to
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Fig. 1. Renal ultrasonograms of patient 3 at
the age of one month. The largest longitudinal
section of each kidney is shown. Measurement
of the largest longitudinal section was
performed by tracing the margin of the kidney
manually using an electronic caliper, as shown
on the right. The left shows the measurement
of the longitudinal length. Both measurements
were performed using images recorded on a
videotape. Note that, although the renal length
is within normal limits in each kidney (43 mm
and 50 mm), the left kidney (left) is clearly
smaller than the right kidney (right) when the
largest longitudinal sections are compared (7.5
cm2 vs. 10.4 cm2).
measure renal dimensions with the baby in the prone position.
The longitudinal length of the kidney was measured more care-
fully when it seemed smaller than the lower limit of body-weight-
adjusted length of normal controls [151, or when one kidney
seemed smaller than the opposite kidney in the longitudinal
section on the first scanning. Parents of babies with a relatively
small kidney (an apparently small longitudinal section compared
to the contralateral kidney) or two small kidneys (defined as
kidneys with a longitudinal length below the lower limit of normal
control, corrected for body wt) [161 were advised to bring the
infant to Fukui Medical School Hospital one month later for
ultrasound re-examination and urinalysis for bacteriuria and
pyuria [171.
Ultrasound re-examination and follow-up examination were
recorded on videotape. To measure the longitudinal length of the
kidney and the largest longitudinal section, the still image pro-
jected on the monitor was used for analysis and electronic calipers
were used to measure the dimensions, as illustrated in Figure 1.
To determine the largest longitudinal section, the margin of the
renal section was traced manually with an electronic caliper.
Asymmetric kidneys were diagnosed on the ultrasound when the
largest longitudinal section of the smaller kidney was 75% or less
of the corresponding dimension of the opposite kidney. The
largest longitudinal section was selected, since it included two
dimensions describing the kidney size and seemed to he a better
simple indicator of the renal volume than the renal longitudinal
length, so that children with a kidney that was smaller in longitu-
dinal length and not smaller in longitudinal section than the
contralateral kidney should be regarded as having kidneys of
normal size. The selection of 75% was based on a series of
preliminary studies indicating that the difference between the
largest sections of the two normal kidneys was less than 25%.
When ultrasound re-examination confirmed the presence of two
small kidneys based on the longitudinal length relative to body-
weight-adjusted normal control values [151 or asymmetric kidneys,
the parents of the infants were recommended to have the infants
undergo a diagnostic dimercaptosuccinate (DMSA) renal scintig-
raphy. Analysis of the renoscintigram included calculation of the
percent of uptake in the smaller kidney relative to the total uptake
in both kidneys. When DMSA renoscintigraphy revealed a small
kidney with generally diminished tracer uptake [181 or a non-
functioning kidney, voiding cystourethrography was also per-
formed. The degree of ureteral refiux was graded using interna-
tional criteria [19]. Infants with ureteral refiux were administered
prophylactic antibiotics and followed up every two or three
months with urinalysis [17] and ultrasonography. The infants who
had no ultrasound findings suggestive of congenitally small kid-
neys on the initial ultrasound screening and subsequently devel-
oped urinary infection underwent DMSA renal scintigraphy as
well as ultrasound examination.
RESULTS
The initial ultrasound scanning of 4,000 subjects identified 51
babies (33 boys and 18 girls) suspected of having small kidneys
(Table 1). These included 11 children with two small kidneys, and
40 with a relatively small kidney in longitudinal section compared
to the contralateral kidney. Of these, 45 children were assessed
again with detailed ultrasonography (27 boys and 18 girls) one
month after the initial screening. These included 9 of 11 children
with two small kidneys and 36 of 40 infants with one relatively
small kidney. The second ultrasonography established the pres-
ence of a normal longitudinal length, lack of asymmetry in the
renal longitudinal section, and the absence of other renal abnor-
mal findings in 27 children. On the other hand, six children were
diagnosed with duplication of the contralateral renal pelvis and
four diagnosed with contralateral hydronephrosis.
Eight children were confirmed to have small kidneys, including
one with two small kidneys and seven with asymmetric kidneys on
the second ultrasound (Tables I and 2). Figure 1 shows a typical
example of a patient with asymmetric kidneys. In only three of the
seven babies with the asymmetric kidneys (patients 2, 7 and 8), the
longitudinal length of the smaller kidney was below the normal
range (Table 2). One (patient 7) of the eight patients had a small
kidney with multiple cysts in the cortex of the small renal
parenchyma. DMSA renoscintigraphy revealed one bilateral and
five unilateral small kidneys with generally diminished uptake, as
typically shown in Figure 2, and non-functioning kidneys in two
patients (patients 7 and 8). The latter two patients were thus
diagnosed as having unilateral, multicystic and aplastic dysplasia,
respectively [13]. The two kidneys were the smallest among the 10
small kidneys (Table 2).
Twelve of the 3,949 babies who had no ultrasound findings
suggestive of small kidneys on the initial scanning were identified
later as having urinary infection. One of the 12 infants (patient 9)
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Table 1. Results of the ultrasound scannings and DMSA renoscintigraphy
Initial scanning Second scanning DMSA renoscintigraphy
Total subjects 4,000
Normal size 3949
Abnormal size 51 Total 45
(1) Two small 11 normaP
two small
8
I two small kidneys with diminished uptake 1
(2) One small 40 normala
hydronephrosis"
duplication of pelvis5
asymmetric kidneys
19
4
6
7 onc small kidney with diminished uptake
one non-functioning kidney
5
2
The second scanning established the presence of a normal longitudinal length, lack of asymmetry in the renal longitudinal section, and the absence
of other renal abnormal findings
h Abnormalities of the contralateral kidneys
Table 2. Ultrasound measurements of the kidneys in nine patients who
were confirmed with small kidneys on re-examination
Patient Sex
Age
months
Longitudinal
length mm
right/left %
Longitudinal
section (cm2)
right/left %C
1 male 1 40/54 (74%) 7.5/11.0(68%)
2 male 2 36'/53 (68%) 6.1/11.2(55%)
3 male 1 50/43 (86%) 10.4/7.5 (72%)
4 male 1 53/43 (81%) 10.4/7.3 (70%)
5 male 3 65/49 (75%) 15.6/11.3 (72%)
6 male 1 39/40C 6.4/6.5
7 male 1 56/34C (61%) 11.2/4.6(41%)
8C female 1 2T/54 (50%) 3.2/10.8 (30%)
9 male 1 46/53 (87%) 8.2/10.5 (78%)
The largest longitudinal length and the largest longitudinal section of
the two kidneys are presented. Patients ito 8 were detected to have small
kidneys (patient 6 two small kidneys and the other patients one small
kidney) on initial ultrasound screening. Note that the largest longitudinal
section of the smaller kidney was 75% or less of that of the contralateral
kidney in these patients except for patient 6 who had two small kidneys,
while these small kidneys were not always smaller than normal in
longitudinal length, corrected for body weight. Patient 9 was not detected
to be small on the initial screening. He was identified to have an
asymmetrically small right kidney on ultrasound re-examinations after
development of urinary infection in the neonatal period.
C Expressed as percent of the longitudinal length or section of the
contralateral non-small kidney
"The longitudinal length of the kidney, corrected for body weight [51,
was smaller than normal
C Multiple cysts were identified in the cortex of the small renal paren-
chyma
was diagnosed as having a unilateral small kidney with generally
diminished DMSA uptake without any focal defect and recog-
nized to have asymmetric kidneys on subsequent ultrasound
examinations (Tables 2 and 3). This patient showed no definite
difference between the two kidneys in the longitudinal section as
well as the longitudinal length on the initial ultrasound examina-
tion. He developed febrile urinary infection at the age of seven
days and on the next day was diagnosed as having urinary
infection and started with intravenous administration of effective
antibiotics. Subsequent ultrasound examinations showed that the
longitudinal section of the smaller kidney at one month was 78%
of that of the contralateral kidney and those at four and seven
months were 73% and 56%, respectively.
DMSA renoscintigraphy definitely showed renal asymmetry in
the six children with unilateral small kidney. The percent of
Fig. 2. DMSA renal scintigraphy of the same patient shown in Figure 1
at the age of one month. The scintigraphy clearly demonstrates the
difference in size of the two kidneys and generally diminished uptake in
the smaller left kidney. The percent of uptake in the left kidney (30%) was
less than half of that in the right (70%).
uptake of the small kidney in these six children ranged very closely
from 24% to 33% (Table 3).
Voiding cystourethrography revealed that ureteral refiux of
grade II or more was recognized in all eight small kidneys with
generally diminished DMSA uptake of the seven children (Table
3). Furthermore, ureteral refiux was also noted in four of the six
contralateral non-small kidneys (Table 3). No family members of
these seven children had renal anomalies or a history of urinary
infection. On the other hand, no ureteral reflux was noted in the
two infants (patients 8 and 9) with a small non-functioning kidney.
None of the nine children had any other congenital malforma-
tions, nor was urethral stricture noted on the cystourethrogram.
All seven children with one or two small kidneys with generally
reduced tracer uptake were male. All the seven children who had
small kidneys with reduced renal function and ureteral refiux had
no episode of urinary infection or significant bacteriuria or pyuria
during a median follow-up period of 1.8 years (range 7 months to
4.1 years). All the children had normal serum creatinine and no
albuminuria at the latest follow-up. A follow-up ultrasound was
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Table 3. Results of DMSA renoscintigraphy and voiding
cystourethrography of 9 children who were confirmed to have small
kidneys on ultrasound re-examinations
Patient
1
DMSA scintigraph"
Grades of VUR
(right, left)
Right; generally diminished uptake (25%) (IV, III)
2 Right; generally diminished uptake (24%) (V, IV)
3 Left; generally diminished uptake (30%) (0, III)
4 Right; generally diminished uptake (33%) (11, II)
5 Left; generally diminished uptake (27%) (0, III)
6 Bilateral; generally diminished uptake (III, III)
7 Left; no uptake (0%) (0, 0)
8 Right; no uptake (0%) (0, 0)
9 Right; generally diminished uptake (33%) (IV, I)
Figures in parentheses indicate % of DMSA uptake in the smaller
kidney compared to the total uptake in the two kidneys
performed over seven months on all seven infants. These scans
showed a normal or slightly excessive increase in longitudinal
length of the non-small kidneys as their body weights grew, as
shown in Figure 3A. On the other hand, growth in the longitudinal
length of the small kidneys was also noted, but mostly along the
lower normal limit (Fig. 3B). Worthy of note, three (small kidneys
of patients 3, 4 and 9) of the five small kidneys that were initially
within normal limits in the longitudinal length went out of the
normal limits during the first year of the follow-up period. Figure
3C shows clearly that the growth rate of the small kidneys was
definitely poorer than the contralateral non-small kidneys during
early life, when expressed as the ratio of the longitudinal length of
the small kidneys to that of contralateral kidneys.
DISCUSSION
Ultrasound screening in the present study could detect eight of
the nine children with congenitally small kidneys. Careful scan-
ning and comparing longitudinal sections between the two kidneys
was, thus, effective for detection of congenitally small kidneys. In
the present study, 1.6% of the normal healthy babies screened by
ultrasonography were suspected of having small kidneys on the
initial scanning. Most of these children were later found to have
normal kidneys on a follow-up scanning. Kidneys of neonates are
small and sometimes have an uneven surface, making precise
identification of small kidneys difficult on ultrasound examination.
Ultrasound re-examination was very effective in differentiating
congenitally maldeveloped kidneys from normal kidneys. The
present study revealed congenitally small kidneys to occur with a
high incidence of 9:4,000. This incidence in the present study is
almost the same as that of small kidneys (that is, 1:500), indicating
that congenital maldevelopment should be regarded as the major
cause of small kidneys, even though small kidneys in older
patients have been considered more often to be acquired than
congenital [13].
Congenitally maldeveloped kidneys found in the present study
could be classified into two groups on the basis of DMSA
renoscintigraphy: one is patients having a very small non-func-
tioning kidney and the other is those having a more common type,
that is, a small kidney with reduced renal function ranging closely
from a quarter to a third of the total renal function. The small
kidneys of the former group are likely due to renal dysplasia with
one patient being multicystic and the other aplastic [13, 20].
Histological studies by Hinchliffe et al [7] observed various grades
of renal hypoplasia in the great majority of the nephrectomy
specimens from patients with ureteral reflux and only occasionally
found renal dysplastic features, and those were almost exclusively
in "severely" hypoplastic kidneys. Another histological study by
Risdon, Yeung and Ransley [8] also revealed dysplastic renal
development in most male patients who underwent unilateral
nephrectomy for damaged kidneys with no or very poor DMSA
uptake (less than 10% of the total uptake). These findings suggest
that the small kidneys with mildly reduced DMSA uptake in the
present study may be cases of renal hypoplasia without renal
dysplastic features, although definite diagnosis could not be made
because of the lack of histopathological confirmation. The present
study demonstrated that the small kidneys of the latter group were
not as obviously small in early infancy as in later life and that the
absolute length of the small kidneys was not always smaller than
normal controls, especially in early infancy. These findings may
account for others' previous findings that ultrasound screening of
the urinary tract of neonates revealed an extremely low incidence
of small kidneys [11, 12], but that of school children disclosed a
high incidence of 1:1,000 [21].
The present study revealed for the first time that all of the
congenitally small kidneys with reduced DMSA uptake were
associated with ureteral reflux. This observation explains the
previous, well-known findings that small kidneys due to hypopla-
sia or dysplasia are susceptible to infection [13]. Of note, most of
the contralateral kidneys were also complicated by the reflux.
These findings should be of great clinical importance. Since
children with congenitally small kidneys have much fewer
nephrons, that is, smaller capacity, than normal subjects [22], the
association of ureteral refiux would predispose the children to
urinary infections, culminating in severe renal damage. In partic-
ular, children with unilaterally small kidney complicated by bilat-
eral ureteral reflux as well as bilaterally small kidneys may be
subject to renal failure, In fact, children who developed renal
insufficiency due to reflux-associated nephropathy have two small
kidneys or one small kidney and a contralateral large kidney with
severe scars [23]. These findings collectively indicate that children
with congenitally small kidneys are at great risk for developing
severe renal damage and should be identified early and investi-
gated for the complication of ureteral refiux.
The postnatal growth of the congenitally small kidneys was
poorer than the contralateral non-small kidneys, even without
urinary infection. This finding is consistent with the previous
observation that hypoplastic kidneys not only have a diminished
number of nephrons, but diminished nephronic size secondary to
retarded growth [241. Holland et al [25] observed that sterile
ureteral reflux in itself did not cause acquired renal damage.
Marra et a! [61 prenatally identified kidneys with renal pelvic
dilation, which were postnatally diagnosed with ureteral reflux
and reduced tracer uptake on renoscintigraphy. Immediately after
diagnosis, reimplantation was performed in some of the refluxing
ureters. However, the second renoscintigraphy two years after
surgery revealed that the tracer uptake had not been successfully
improved. These previous findings suggest that the poor growth of
the congenitally small kidneys may also be due to congenital
factors and not to ureteral reflux. It is also known that unilateral
small kidneys are accompanied by contralateral hypertrophic
kidneys [26]. The finding that longitudinal size ratio between the
congenitally small and non-small kidneys became more marked as
7.
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5 Fig. 3. Growth of the kidneys during the first year of life in patients with
congenitally small kidneys with diminished DMSA uptake. Numbers in
4 43 the Figure represent patient numbers. (A) Longitudinal length of the
non-small kidneys in the six patients with unilaterally small kidneys is9 19 shown in relation to the body wt. Dotted lines indicate upper and lower2 2 limits of normal controls [151. (B)Longitudinal length of the small kidneys2 in the six patients with unilaterally small kidneys and one patient (patient
6) with bilaterally small kidneys is shown in relation to the body wt. Dotted
lines indicate upper and lower limits of normal controls [151. Note that
longitudinal length of most of the small kidneys lies within normal limits
during early infancy, but that the renal length grows slowly and is gradually
_________________________________________________
getting beyond normal limits in patients 3, 4 and 9 as the body wt
increases. (C) The ratio of the longitudinal length of the small kidney to
3 5 7 9 11 13 that of the contralateral kidney in relation to the body wt in each patient
with unilaterally small kidney. Note that the ratios gradually decrease as
Body weight, kg the body wts increase.
the child became older may result from both poor growth of the
small kidney and postnatal compensatory hypertrophy of the
contralateral kidney.
It should be noted that all seven children with congenitally
small kidneys with diminished DMSA uptake in the present study
were males with the incidence as high as 1:300 boys. In adults,
small kidneys are found predominantly in females [27], while in
children, the present results, together with those of others [8, 231
indicate that small kidneys are observed more frequently in males.
Collectively, our findings indicate that congenital maldevelop-
ment may play a major role in the development of nephropathy in
males with ureteral reflux and explain why, in males, severe renal
damage in association with ureteral reflux appears early in life
following urinary infections. In contrast, severe renal damage
associated with ureteral refiux in females is the result of acquired
renal scarring that may develop later in life following repeated
urinary infections, which are much more frequent in females than
in males in later life rather than infancy [28].
The association of the congenitally small kidney with ureteral
reflux and its confinement to males may provide a clue to reveal
the pathogenesis of the anomalies. Urethral obstruction in fetal
life is known to cause both renal maldevelopment and uretcral
reflux [6, 29]. However, no obstruction or stenosis was detected in
the urinary tracts of our subjects. The renal maldevelopment
could be a direct, harmful effect of prenatal reflux. Alternatively,
Schwarz, Stephens, and Cussen [30] hypothesize that renal differ-
entiation depends on the quality of interaction between meta-
nephric blastema and the ureteric bud, because they found a
A
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correlation between the severity of hypodysplasia and the degree
of ureteral ectopy. Recent biogenetic studies revealed that renal
development is regulated by many kinds of gene encoding such as
transcription factors and growth factors [31]. Mutation of PAX2
genes, encoding transcription factors, is associated with a syn-
drome involving renal hypoplasia, ureteral reflux and eye malfor-
mations and is inherited in an autosomal dominant manner [321.
These findings suggest that the complex anomalies of congenitally
small kidneys and ureteral refiux only found in males in the
present study may be caused by mutations of unknown genes with
incomplete penetrance and predominant expression in males.
In conclusion, congenitally small kidneys with diminished func-
tion were found only in boys at a much higher incidence than
previously suggested. Such compromised kidneys were highly
associated with ureteral refiux, which was often bilateral even in
the case of unilaterally small kidney. Maldeveloped kidneys
should be looked for in boys when their urinary tract is examined.
In early infancy, congenitally small kidneys with diminished
function were not markedly small when examined by ultrasonog-
raphy. Yet, ultrasound examination comparing the renal longitu-
dinal section of the two kidneys and DMSA-renoscintigraphy
should be useful for the diagnosis of maldeveloped kidneys. Early
identification and close follow-up of children with maldeveloped
kidneys and ureteral refiux will be advantageous for prevention of
severe renal damage.
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